We discuss a possibility that observed radiation from active galactic nuclei (AGN) can be visibly modulated by collisions between stars (or secondary black holes) and an accretiondisc around a central black hole. It is proposed that materialswept out of the disc partly obscures the innermost region of the disc, while contributing by its own radiation. Under suitable circumstances, an individual orbiter can produce periodic modulation. If the central black hole is rotating and the companion star is at a low orbit, the Lense-Thirring orbital precession will show up in the signal and parameters of the central black hole can be thus determined.
Introduction
In this contribution we argue that the orbital Lense-Thirring precession could be detected in AGN with periodic modulation of variability if this is due to passages of a secondary object through an accretion disc around a rotating supermassive black hole. The observed orbital and Lense-Thirring frequencies can be used to estimate black hole's parameters.
An extensive amount of data on variability properties of AGN in the range of wavelengths from radio to hard X-rays and has been collected during recent decades (Duschl, Wagner & Camenzind 1991) . It is widely presumed,
although not yet proven, that massive black holes with accretion discs reside in the cores of AGN (Kato, Fukue & Mineshige 1998) . Under assumptions of the model with a massive central black hole surrounded by an accretion disc, most of luminosity originates inside the innermost regions, mainly in the form of reprocessed X-rays. The observed signal shows irregular, featureless uctuations with very complex behaviour at frequency about < 10 ?2 Hz. Available data do not currently allow to discriminate between theoretical models of uctuations which have been proposed in the literature, but, most probably, more than one single mechanism is responsible for this phenomenon:
(i) Various instabilities and wave-modes propagating in the disc material (Krolik et In our present discussion we will concentrate on the last mechanism listed above. The three mechanisms can however be combined; e.g., collisions with the disc may be a source of waves in the disc and spots on its surface. An order-of-magnitude estimate shows that 10 7 stars concentrated in a dense star-cluster, within the innermost 1 parsec around the core, should pull out of the disc enough material to visibly modulate observed radiation even if the disc itself were steady. One can however speculate further: if an orbiting object happens to be on an (almost) spherical orbit at a distance of 10{100 gravitational radii, it will modulate the source radiation periodically on the time-scale of the order of hours or days. a Both the orbital and associated LenseThirring periods will appear in the observed signal, and we will discuss below how this can be used to determine parameters of the central black hole (see Semer ak, de Felice & Karas 1998 for further details). Observational detection of suitable sources requires high temporal and frequency resolution which is planned for future X-ray satellites. b Some interest has recently been raised in connection with the source IRAS 18325-5926 because of the claims, based on ASCA observations ), that the source shows periodic variability. 2 Set of equations for determining black-hole parameters
Assumptions
The following is assumed about the system of a central black hole, an accretion disc, and an orbiting secondary: (i) Periodic component of variability is due to a secondary object orbiting within a few tens of gravitational radii around the central black hole and passing periodically through the disc. Three distinct variability timescales show up in the signal as a result of orbital motion, Lense-Thirring precession of the orbital plane, and coupled radial-azimuthal oscillation of the disc material which can be excited by the orbiter and con ned in a restricted range of radii, in the inner disc region.
(ii) The secondary orbits almost freely along a quasi-circular trajectory with small non-zero inclination. Perturbation due to passages through the disc is very weak (secular). E ect on the disc is however strong enough to result in observable photometric and spectroscopic features. (iii) The gravitational eld within the nucleus is that of the (Kerr) black hole, the secondary and the disc contribute negligibly. In particular, the mass of the secondary is much less than that of the central object. We note that, apart from older works mentioned in Introduction, motion outside the disc was studied in rather detailed manner in the recent work by Vokrouhlick y & Karas (1998), while hypersonic transition of a secondary black hole across the disc was treated by Ivanov et al. (1998) . These works show how the long-term evolution of orbital parameters of the secondary can be determined. Predicted line pro les have been discussed by numerous authors but what we really need here is temporal information (Karas & Kraus 1996) which has not yet been investigated in much detail because X-ray spectra resolved in time have become available only recently and still with rather limited resolution (e.g. Lee et al. 1998 ). Low-frequency oscillations of relativistic discs have been described, e.g., in Kato et al. (1998;  this type of waves appears relevant for our present discussion because they are trapped near the central hole, approximately in the same region where the orbiter crosses the disc).
Equations
We summarize, in standard notation and in geometrized units, relations from which one can determine basic parameters of the system, i.e. central mass M , speci c angular momentum a, and radius r of the orbit of the secondary. For further details and derivation see Semer ak et al. (1998) . We assume that the orbit is almost circular with small inclination relative to the disc. Then the azimuthal angular velocity ! = d =dt (measured by a distant observer at rest) is ! = (a + 1=y ) ?1 ; (1) where y = p M=r 3 , with upper and lower signs corresponding to co-rotating and counter-rotating orbits, respectively. For the angular frequency 1 of small harmonic latitudinal oscillations of the secondary about the equatorial plane we obtain 2 1 = ! 2 ? 1 ? 4ay + 3a 2 =r 2 :
(2) Even if one succeeds in measuring both frequencies, ! and 1 , an additional observable is needed to determine all three unknowns of the model, a, M , and r. 4 Here we brie y suggest two possibilities. First, the orbiter can excite low-frequency relativistic oscillations in the disc. This type of oscillations has typical modes which are governed by epicyclic frequency (Kato et al. 1998 
It is only within a restricted range of radii near the centre where these modes can be trapped and modulate total luminosity of the source. An alternative way to get required information comes from measuring rotational broadening of a spectral feature (obviously, we mainly have the iron line at 6:4keV in mind). Let us note that the line formation is also a ected by the stardisc collisions, making the observed pro le variable in time, but one assumes to be able to resolve that contribution in the signal (still rather optimistic assumption in view of currently available data). Width of the line is determined by variation g of the redshift factor g = obs = em during the orbital period. The four algebraic equations (1){(4) express measurable quantities ! , 1 , , and in terms of the unknown parameters M , a, and r. (Graphs of relevant functions are illustrated in Fig. 1 for corotating orbits.) Knowledge of three of these quantities is su cient to determine the desired parameters. Note that they are obtained in physical units rather than scaled with gravitational radius (as usual). Naturally, the above-described method can be combined with independent estimates of the parameters; for example, other proposed ways to determine M can be involved.
Conclusions
We illustrated how the black-hole parameters (a, M ) and radius (r) of the secondary orbit can be determined in physical units. Our basic assumption is that three time-scales (related to orbital motion, to Lense-Thirring precession of the orbit of the secondary, and to global disc oscillations) are discovered in the signal. Well-resolved line pro le is needed which originates in the region near the black hole where the secondary collides with the disc. Although such c Semer ak et al. (1998) discuss how this quantity could be measured. One should however bear in mind that a more sophisticated approach is necessary to estimate the observed width of the re ection line observed in AGN; cf. Martocchia, Karas & Matt (1998). data are not currently at our disposal, the prospect of determining the three parameters is very tempting, and foreseeable.
